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ABSTRACT
The design, fabrication, and testing of a prototype of a wheelbarrow powered by
a fuel cell is reported. Usually wheelbarrow does not have motor and need more energy
to use. An conceptual study on this project is the idea on how the project can be done
properly. The compact systems consist of hydrogen generator, fuel cell, motor and the
wheelbarrow. The project focused on the conceptual study of system in the fuel cell that
can be powered wheelbarrow. This research define the power of electric motor that need
to move 80 kg load is 0.082 kW for the minimum and 0.22 kW for the maximum power
with velocity 2.78 m/s. Hydrogen generator cost also has been define, hydrogen cost for
this project is RM 39.90. Number of molar and molar mass of hydrogen has been
calculated for move 80kg load. The number of molar hydrogen is 0.149 gmol/hr, and
the number of molar mass of hydrogen is 3.003 x 10 2..
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ABSTRAK
Reka bentuk, fabrikasi, dan pengujian prototaip kereta sorong yang bergerak
menggunakan hidrogen akan dibangunkan untuk tujuan penyelidikan. Kebiasaannya
kereta sorong tidak mempunyai motor dan memerlukan tenaga yang banyak jika hendak
digerakkan.Penyiasatan tentang pengajian konsep bagi projek kereta sorong
menggunakan ‘fuel cel’teah dijallankan bagi mengenalpasti cara untuk membina projek
tersebut. Sistem ini terdiri daripada penjana hidrogen, fuel cell, motor dan kereta
sorong. Penjana hidrogen dan fuel cell akan difabrikasikan dengan menggunakan teknik
mekanikal terkini. Projek memberi tumpuan kepada penerangan tentang sistem yg perlu
dihasilkan untuk menggerakkan kereta sorong menggunakan kuasa dari fuel cell. Projek
ini menyatakan kuasa yang diperlukan oleh motor eletrik untuk menggerakkan 80 kg
beban dengan kelajuan 2.78m/s ialah 0.082 kW untuk kuasa minimun dan 0.22 kW
untuk kuasa maximun. Kos untuk penjana hydrogen juga dikenal pasti didalam kajian
ini iaitu sebanyak RM39.90. Nombor  molar dan nombor jisim molar untuk hydrogen
turut dikenalpasti didalam penyiasatan ini bagi mengerakkan kereta sorong sebrat 80 kg.
Nombor molar untuk hydrogan ialah 0.149 gmol/hr dan nombor jisim molar bagi
hydrogen ialah  3.003 x 10 2.
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CHAPTER 1
INTRODUCTION
1.1 OVERVIEW
Wheelbarrow is one wheel transport device made of metal designed to reduce
the workload by using a single rotating wheel. Wheelbarrow consists of a bucket
(barrow) and two handles. Wheelbarrow is used at the construction site, gardening and
landscaping to move heavy load to another place with a small amount of energy. For
example in landscaping, wheelbarrow is used for transporting material from large pile to
desired area, transporting smaller trees for carry fertilizers, and moving large top soil.
The wheelbarrow work mechanism is incorporated into a conventional load
carrying device including a bucket portion, a pair of elongated handles supporting the
bucket portion, and a front wheel. The tilting mechanism includes a frame adapted to
being secured in a rearward extending location of the elongated handles and such that
the bucket portion is disposed between the frame and the front wheel. Elongated
supports are incorporated into the frame and, in combination with the front wheel,
support the wheelbarrow upon a surface. The frame includes structure for establishing
an angle or incline, relative to an uneven or peaked surface, and is actuated to facilitate
tilting of the bucket portion about a longitudinal axis extending through the load
carrying device. Moving becomes easier because of single wheel. Single wheel permits
load up a plank ramp or along a path that is barely wide enough to stand on, while two
wheels requires not only two paths or planks, but they must be of equal strength and
curvature to keep the load from tipping [1].
2Research of wheelbarrow by using fuel has not been done by other researcher.
One of the key measures to reduce environmental pollution caused by automobiles is to
introduce vehicles running by fuel cells, especially the proton-exchange membrane fuel-
cell (PEMFC) vehicles. These types of vehicles are powered by a clean fuel namely fuel
cell [2, 3]. Besides PEMFC vehicles being environmentally clean, they operate at low
temperatures and achieve quick responses; they are at least30% more eﬃcient than IC
vehicles since they are not limited by the Carnot Cycle [4].
Fuel cell is a device that converts chemical energy into electrical energy, water,
and heat through electrochemical reactions. Fuel and air react when they come into
contact through a porous membrane (electrolyte) which separates them. This reaction
results in a transfer of electrons and ions across the electrolyte from the anode to the
cathode. If an external load is attached to this arrangement a complete circuit is formed
arrangement, a complete circuit is formed and a voltage is generated from the flow of
electrical current.
The voltage generated by a single cell is typically rather small (< 1 volt), so
many cells are connected in series to create a useful voltage. Because the intermediate
steps of producing heat and mechanical work typical of most conventional power
generation methods are avoided, fuel cells are not limited by thermodynamic limitations
of heat engines such as the Carnot efficiency. In addition, because combustion is
avoided, fuel cells produce power with minimal pollutant.
1.2 PROJECT BACKGROUND
In this project, focuses will be study conceptual on the design and development
of fuel cell for wheelbarrow. The details phases of the new fuel cell development, from
concept design consideration.
Next the design concept or sketching the prototype of a fuel cell for
wheelbarrow will be evaluated in order to select the best design and drawn using
Solidwork or AutoCAD software’s prior to the final design being fabricated but before
3that the system for fuel cell need to be sketched in order to see the whole system
thoroughly.
This process will be followed by suggestion on process in order to develop the
hydrogen generator according to the design. Once the conceptual fabrication process
study finished, the hydrogen generator, fuel cell and the motor will be attached to the
wheelbarrow. The test run will be conducted to investigate if the systems functioned
well.
1.3 PROBLEM STATEMENT
Usually wheelbarrow does not have a motor and need more energy to use. The
motivation for this research is, to install the fuel cell that can make the wheelbarrow
function well with less human work involved. A compact design of the fuel cell systems
will be designed and installed at the wheelbarrow. An actual conceptual study on this
project is the idea on how that project can be done properly.
Hydrogen generator is important component to the system, in which if the
generator can produce more hydrogen, then fuel cell can produce more electric. The
system should have continues hydrogen supply to ensure the motor can work in a long
period of time. The research will concentrate on the production of hydrogen generator
as well as the fuel cell system.
1.4 PROJECT OBJECTIVES
The main objective of this project is to investigate conceptual system of compact
hydrogen fuel cell that can be powered wheelbarrow.
1.5 PROJECT SCOPE
The scope of this project is:
1. Research about fuel cell
2. Design a compact fuel cell system that can be fitted in to wheelbarrows.
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
This chapter is a review about the system to install in the wheelbarrow, the
system that contains hydrogen generator, and fuel cell part with some research and new
improvement to get more electricity taken from fuel cell to the motor.
2.2 THE POLYMER ELECTROLYTE MEMBRANE (FUEL CELL)
The first fuel cell was created by William Grove in 1839, with four large cells
that contain hydrogen and oxygen produce electric power. NASA makes commercial
fuel cell to use in the Apollo space flight. Fuel cell research and development has been
developed actively start from 1970 [5].
Generally fuel cell acts as a converter to convert chemical energy into electrical
energy, and heat through an electrochemical reaction. Fuel and air react when they
come into contact through a porous membrane (electrolyte) which separates them.
Electric was generated by transfer of and ions across the electrolyte from the anode to
the cathode. If an external load is attached to this arrangement a complete circuit is form
arrangement, a complete circuit is formed and a voltage is generated from the flow of
electrical current.
The fuel cell produces heat and mechanical work typical of most conventional
power generation methods are avoided; fuel cells are not limited by thermodynamic
limitations of heat engines such as the Carnot efficiency. Fuel cell can ovoid
5combustion and at the same time can produce power without air pollution. However,
unlike batteries there oxidant in fuel cells must be continuously replenished to allow
continuous operation.
Many types of fuel cell use in the world, Table 2.1 below shows the type of fuel
cell, with efficiency, operating temperature and application of fuel cell.
Table 2.1: Show list of fuel cell type
Type Efficiency OperatingTemperature Use
Polymer
electrolyte
membrane
(PEMFC)
40% / 80%*
with
cogeneration
175º F Transportation – cars, buses, boats,
trains, scooters, bikes
Residential – household electrical
power needs
Portable – laptop computers, cell
phones, medical equipment
Direct
methanol
(DMFC)
40% 120 - 150º F Portable – cell phones, laptop
computers, vacuum cleaners, highway
road signs
Alkali
(AFC)
60% / 80%* 250 - 500º F NASA space program – space vehicles
Phosphoric
acid
(PAFC)
40% / 80%* 300 - 400º F Landfill/wastewater treatment facilities
– To generate power from methane gas
Source: Criss (2003)
Usually fuel cell contain three main component, see Figure 2.1: the first one is
unit cells, that is the electrochemical reactions take place, second component is stacks,
stack is the individual cells are modularly combined by electrically connecting the cells
to form units with the desired output capacity, and the last component is balance of
plant which contain components that provide feed stream conditioning including a fuel
processor if needed, thermal management, and electric power conditioning among other
ancillary and interface functions[6].
6Figure 2.1: Basic concept of fuel cell
Source: Carrette, L. (2001)
The fuel cell has some different between galvanic cell battery and fuel cell but
the main objective if still same is to generate electricity. Usually battery stores the
chemical reactants, such as metal compounds like lithium, zinc or manganese. After
used in some period of time, battery should be recharged or throw away the
battery. Fuel cell creates electricity through reactants (hydrogen and oxygen) stored
externally. The fuel cell produces electricity as long as it has a fuel supply. In short, a
fuel cell vehicle is refueled instead of recharged [7]. The different of operating system
shown in Figure 2.2:
7Figure 2.2: Fuel cell vs. battery
Source: Carrette, L. (2001)
2.3 ELECTRODES
All electrochemical reactions consist of two separate reactions: an oxidation
half-reaction occurring at the anode (positive terminal) and a reduction half-reaction
occurring at the cathode (negative terminal).
The anode and the cathode are separated from each other by the electrolyte, the
membrane. In the oxidation half-reaction, gaseous hydrogen produces hydrogen ions,
which travel through the ionically conducting membrane to the cathode, and electrons
which travel through an external circuit to the cathode [8].
Reduction half-reaction, oxygen, supplied from air flowing past the cathode,
combines with these hydrogen ions and electrons to form water and excess heat.  These
two half-reactions would normally occur very slowly at lower operating temperatures,
8typically 80 ûC, of the polymer electrolyte membrane fuel cell.  Thus, catalysts are used
on both the anode and cathode to increase the rates of each half-reaction. The final
products of the overall cell reaction are electric power, water, and excess heat.  Cooling
is required, in fact to maintain the temperature of a fuel cell stack at about 80 ûC.  At
this temperature, the product water produced at the cathode is both liquid and vapor.
This product water is carried out of the fuel cell by the air flow.
Membrane electrode assembly (MEA) is made up with the 0.025 mm thick
polymer membrane and the 0.1 mm thick diffusion media layer on each side of the
polymer membrane, between two MEAs there is a BPP, which consists of two pieces of
forming thin plates jointed together, shown in Figure 2.3. Each plate is made of stainless
steel with the 0.6 mm depth ﬂow channels and the total thickness of one BPP is about
1.4 mm including the thickness of metal sheets [13].
Figure 2.3: Sketch of assembly Proton Electron Membrane fuel cell stacks, based on
metallic thin.
Source: Peng, L (2010)
2.4 BIPOLAR PLATE
Bipolar plates are conductive plates in a fuel cell stack that act as an anode for
one cell and a cathode. Bipolar plates can be made of metal, carbon or conductive
composite polymer. The polymer is the plastic plates are also in development [20].
9Bipolar plates should  have a number of functions within the fuel cell stack:
1. Separating gases between cells (the reaction gases and water exhaust)
2. Providing a conductive medium between the anode and cathode
3. Providing a flow field channel for the reaction gases
4. A solid structure of the stack
5. Transferring heat out of the cell
Requirement of bipolar plate for fuel cell:
1. Impermeable to gases in a Proton Exchange Membrane cell, hydrogen and oxygen
2. Good electrical conductivity
3. A balance between conductivity, strength, size and weight – weight is more of
concern for transportation and portable applications
4. Resistance to corrosion
5. Easy to manufacture in large quantities
6. The flow field must provide uniform distribution of the reaction gases over the
active area to ensure even and efficient power production
CHAPTER 3
METHODOLOGY
3.1 INTRODUCTION
This chapter will describe about the overall process of the methodology in this
project from beginning to end of the project. There are three main processes that start
with, collecting the data, design the system, and result analysis. All the processes will
be described in this chapter by following the chart. During this part, every information
and data will be gathered together and concluded according to the objectives and scope
of the project.
The project method is basically referred to design and develop new fuel cell and
system can be used in a wheelbarrow. Create of new fuel cell need more study and
research is not simple step process since it require many procedures and step to follow.
3.2 FLOW CHART
Flow chart is an important method in order to make sure the project can be done
on time. Based from the flow chart, the project started with the literature review on the
project. Research was made through journals, webs, books and other related sources.
The design of the fuel cell and hydrogen generator is conducted after all
information about the project is gathered. Required parameters need to be defined as a
design factor. Experiment   start after work piece electrode, stack of fuel cells was
prepared. Then collect the data and analyses it. The flow Chart project shows in Figure
3.1:
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Figure 3.1: Flow Chart of the Project
3.3 Grant Chart
Grant chart is the tables that contain the list of activities have been done to make sure the project follow their due date. Table 3.1
shown grant chart of this project.
Table 3.1: Grant Chart of this project
Project Scope Week
W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13
Journal Research
Components Parameters
System Design
Final Report Presentation
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3.4 DESCRIPTION OF THE METHODOLOGY
3.4.1 Hydrogen Generator
There are many types to produce hydrogen from renewable energy sources. It
can be produced from a variety of biomass feed-stocks, such as agricultural crops and
wastes, sewage sludge or municipal solid waste, by thermo-chemical (pyrolysis or
gasification) or biological processes that break down complex organic molecules into
simpler molecules including hydrogen.
Hydrogen produces from renewably generated electricity, via electrolysis, to
split water into hydrogen and oxygen. Wind and solar resources are much larger than
biomass resources and it would be possible to produce electrolytic hydrogen in most
part. This provides a way of storing renewable generated electricity on a much larger
scale than is currently possible with existing battery technology.
In this project, electrolysis is the best way to get hydrogen for running the fuel
cell. Electrolysis a method of separating elements by passing an electric current through
a compound, used in various industrial applications such as removing copper from its
ore. It is also used to separate hydrogen and oxygen from water. Electrolysis isn't the
most efficient way to obtain hydrogen.
Electrolysis is the process that separates water into alkaline and acid water by
passing an electric current through an electrolyte. In electrolysis, positive ions migrate
to the cathode (negatively charged electrode) and negative ions migrate to anode
(positively charged electrode). The reactions occurring depend on electron transfer at
the electrodes and are therefore redox reactions.
At the anode, negative ions in water may lose electrons to form neutral species
(oxygen). Atoms of the electrode may lose electrons and go into solution as positive
ions. In either case the reaction is an oxidation. At the cathode, positive ions in water
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can gain electrons to forum neutral species (hydrogen). Thus cathode reactions are
reductions.
At negative electrode the product has been shown in the chemical equation,
2H2O (l) + 2e- → H2 (g) + 2 OH-(aq), the product of this electrode is H2 and 2 OH-. Positive
electrode water will go oxidation process, 2H2O(l) → O2 (g) + 4H+ (aq) + 4e- , and the
product is oxygen and hydrogen. Figure 3.1 show the simple electrolysis process.
Figure 3.2: Example of simple electrolysis process.
Source: Gillet, A.C.,(1999)
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3.4.2 Fuel cell
Fuel cells are self-contained power generation devices that are able to produce
reliable electricity for residential, commercial, industrial and transportation applications.
A fuel cell can convert hydrogen directly into electricity that can be used to power an
electric.
Fuel cell consists of an anode (negative side), a cathode (positive side) and
an electrolyte that allows charges to move between the two sides of the fuel cell.
Electrons are drawn from the anode to the cathode through an external circuit,
producing direct current electricity. As the main difference between fuel cell types is the
electrolyte, fuel cells are classified by the type of electrolyte they use.
After some modification the original fuel cells design by using sulphonated
polystyrene ion-exchange membrane as the electrolyte. Three years later another GE
chemist, Leonard Niedrach, devised a way of depositing platinum onto the membrane,
which served as catalyst for the necessary hydrogen oxidation and oxygen reduction
reactions. This became known as the 'Grubb-Niedrach fuel cell'. GE went on to develop
this technology with NASA and McDonnell Aircraft, leading to its use during Project
Gemini. This was the first commercial use of a fuel cell. In 1959, British
engineer Francis Thomas Bacon successfully developed a 5 kW stationary fuel cell. In
1959, a team led by Harry Ihrig built a 15 kW fuel cell tractor for Allis-Chalmers,
which was demonstrated across the U.S. at state fairs. This system used potassium
hydroxide as the electrolyte and compressed hydrogen and oxygen as the reactants.
Later in 1959, Bacon and his colleagues demonstrated a practical five-kilowatt unit
capable of powering a welding machine [15].
Bipolar plate is one of important plate that use in a fuel cell to create electricity,
design of new bipolar plate was proposed to join the project. The design shown in
Figure 3.2, red line represents to hydrogen in and out.
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Figure 3.3: Bipolar plate design proposes in this project.
The most important part of the fuel cell is a proton exchange membrane fuel cell
[16] (PEMFC) efficient frontier [17] design, a proton-conducting polymer membrane,
(the electrolyte), separates the anode and cathode sides. This was called a "solid
polymer electrolyte fuel cell" (SPEFC) in the early 1970s, before the proton exchange
mechanism was well-understood.
Anode side, hydrogen diffuses to the anode catalyst where it later dissociates
into protons and electrons. These protons often react with oxidants causing them to
become what is commonly referred to as multi-facilitated proton membranes. Protons
are conducted through the membrane to the cathode, but the electrons are forced to
travel in an external circuit (supplying power) because the membrane is electrically
insulating. On the cathode catalyst, oxygen molecules react with the electrons (which
have travelled through the external circuit) and protons to form water — in this
example, the only waste product, either liquid or vapor.
Different components of a Proton exchange membrane fuel cell (PEMFC) are
bipolar plates, electrodes, catalyst, membrane, and the necessary hardware [17]. The
materials used for different parts of the fuel cells differ by type. The bipolar plates may
be made of different types of materials, such as, metal, coated metal, graphite, flexible
